We have observed bursting variability of the 6.7 GHz methanol maser of G33.641−0.228. Five bursts were detected in the observation period of 294 days from 2009 to 2012. The typical burst is a large flux density rise in about one day followed by a slow fall. A non-typical burst observed in 2010 showed a large and rapid flux density enhancement from the stable state, but the rise and fall of the flux density were temporally symmetric and a fast fluctuation continued 12 days. On average, the bursts occurred once every 59 days, although bursting was not periodic. Since the average power required for causing the burst of order of 10 21 J s −1 is far smaller than the luminosity of G33.641−0.228, a very small fraction of the source's power would be sufficient to cause the burst occasionally. The burst can be explained as a solar-flare like event in which the energy is accumulated in the magnetic field of the circumstellar disk, and is released for a short time. However, the mechanism of the energy release and the dust heating process are still unknown.
Introduction
The 6.7 GHz methanol maser (Menten 1991 ) is observed around high-mass young stellar objects (e.g., Caswell et al. 1995; Minier et al. 2003; Xu et al. 2008; Breen et al. 2013 ). This maser, thought to trace the circumstellar gas disk or outflow of the high-mass star forming regions (e.g., Minier et al. 2000; De Buizer 2003; Sugiyama et al. 2014) , is characteristically variable (e.g., Goedhart et al. 2003 Goedhart et al. , 2004 . Goedhart et al. (2004) reported various variation patterns, including periodicity, in long-term monitoring observation of these events. Fujisawa et al. (2012) (hereafter denoted paper I) discovered a bursting activity of the maser in G33.641−0.228 1 (IRAS 18509+0027). G33.641−0.228 is a high-mass star forming region at a near kinematic distance of 4 kpc, and its bolometric luminosity is 1.2 × 10 4 L ⊙ . The 6.7 GHz methanol maser of this source was first detected by Szymczak et al. (2000) . The systemic velocity of this source is 61.5 km s −1 (Szymczak et al. 2007) . It is reported in paper I that the flux density of one spectral component (component II, V LSR = 59.6 km s −1 ) increased seven times with a timescale of one day or less in a burst event, and then decreased over five days. Very long baseline interferometry (VLBI) observation revealed the size of the bursting region as less than 70 AU. From these observations, the burst is considered as an explosive phenomenon occurring within the circumstellar disk, probably sourced from the magnetic energy therein.
Paper I reported two bursts of the 6.7 GHz methanol maser in G33.641−0.228 during a 108-day observation period in 2009. Szymczak et al. (2010) detected another large flux variability in MJD = 55160 (November 25, 2009 ). To understand the mechanism of the burst, its properties such as occurrence frequency and velocity drift should be measured from longterm observations. As a follow-up to the 2009 observation, we monitored G33. 641−0.228 in 2010, 2011 and 2012 . In this paper, the observations and results are presented in section 2, and discussed in section 3. The paper concludes with section 4.
Observations and Results

Observations
G33.641−0.228 was monitored during the summer or autumn of 2009, 2010, 2011, and 2012 . The 2009 observation was reported in paper I. In 2010, this source was monitored daily from July 29 to September 23, except for two periods of no observation; from August 9 to August 16 and from September 11 to September 20. In total, 38 observations were made during the 57-day period. The 2011 observations were conducted two times every three days over an 83-day period covering September 12 to December 3, yielding 41 observations. The 2012 observation covered 46 days from September 27 to November 11. Over this period, G33.641−0.228 was monitored almost daily, and 43 observations were made. The observation periods and numbers
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The name G33.64−0.21 was used in the paper I, but the sources is now usually called as G33. 641−0.228. are summarized in Table 1 . The observation system, calibration method, and accuracy of the data are reported in paper I. The observing bandwidth, number of frequency channels, and velocity resolution were 4 MHz, 4096, and 0.044 km s −1 , respectively. The 1σ rms noise level is 1.4 Jy with an integration time of 14 minutes. In 2012, the observation bandwidth was 8 MHz and the number of frequency channels was 8192. Other parameters were unaltered from the 2011 observation. 
Results
As described in paper I, five sharp spectral peaks (components I−V) and one broad peak ) increased by seven times within one or three days, and decreased over the following five days. In the last 40 days of the observation period, the flux density of component II fluctuated with a timescale of one or two days with an amplitude of 20 Jy. For component I, relatively rapid fall with an e-folding time of 16 days was observed from MJD = 55039. The variability like this, however, has been seen in other source (e.g., Sugiyama et al. 2008) . The timescale of 16 days is much longer than that of the burst of component II. In 2010 (Figure 2b ), two bursts were detected. Light curve of the first burst is not a typical one. The rise and fall of this burst were almost temporally symmetric from MJD = 55432 to 55443. From its initial detection, the flux density rose to its maximum after six days, and returned to the stable state over the next six days. The variation was not smooth but a fast fluctuation with a time scale of one day. At its peak, the flux density reached 142 Jy, four times that of the stable state immediately before the burst. After the first burst, the flux density returned to 41 Jy on MJD = 55446. The following day (MJD = 55447), a large burst of flux density 213 Jy occurred, then falling to 75 Jy one day later (MJD = 55448). Next day (MJD = 55449), the flux density was again rapidly increased, reaching to 506 Jy. This rapid increase in flux density over a short period (one day) is a typical characteristic of the burst of this source. Unfortunately, the observation was halted for ten days after the burst, and the behavior of the variation could not be observed. The flux density decreased to 39 Jy in the observation after the burst (MJD = 55460), then increased to 124 Jy in the following day. Whether this enhancement is related to the earlier large bursts is unclear. One typical burst was observed in 2011 ( Figure 2c ). The flux density of 15 Jy on MJD = 55855 was increased to 398 Jy two days later (MJD = 55857), then decreased over the next five days. The timescales of the rise and fall, two days and five days respectively, were similar to those of the two bursts observed in 2009. Note that, because the flux density varies on short timescales, probably less than one day, the variation profile of each burst is not known in detail. Even the decreasing occurred over one day in 2010 observation. The details of the variability require sub-daily observations, and we planned a sub-daily observation in 2012 . Unfortunately, no burst was observed in 2012 observation (Figure 2d ), but small flux enhancements of about 10 Jy with one-day timescale were observed at MJD = 56210 and 56232.
Discussions
The typical light curve of a burst is characterized by a rapid increase in flux density of more than 100 Jy over one day, and the following decrease over the next five days. At the non-typical burst in 2010, the flux density fluctuated with the timescale of one day, and the fluctuation lasted 12 days. Although the light curve was different from that of the typical burst, its properties are similar to those of the typical one: the burst occurred only in component II; the timescale of the variation is as short as one day; the flux enhancement occurred from and returned to the stable state; the e-folding time of the decreasing phase of the flare was 5.7 days, which is close to that of the typical burst. This non-typical burst probably is constituted of successive small bursts. The flux fluctuation with an amplitude of 10−20 Jy were observed in 2009 and 2012 observations. These fluctuations also might be interpreted as small bursts.
As well as the result in 2009, only component II showed fast variability over four years of observation. The bursting activity was observed at least for three years. The flux variation of component II from 2009 to 2012 are collectively shown in Figure 3 . In 294 days of observation over four years, five bursts were observed; the occurrence frequency is once every 59 days on average, but with no regularity. Two bursts were occurred by 25 days interval in 2009, whereas the third burst did not occur within 60 days after the second. In paper I, it is suggested that the burst is generated in the following processes: the energies of accretion, rotation, or radiation of G33.641−0.228 are accumulated in the local magnetic field in the accretion disk, and the energy is explosively released in a short time like solar flare. The released energy is converted into the heat of gas and dust near the bursting component, and finally the maser emission around the release point is suddenly strengthened. In solar flare, energy is slowly accumulated in the magnetic field on the solar surface and released in a short time by means of reconnection (Tsuneta 1996) . Two characteristics of the solar flare, i.e., the solar flare does not have periodicity, and the energy release of the solar flare occurs in the local region on the solar surface, are applicable to the maser burst. The similarity of the solar flare and the maser burst supports the model of the burst proposed in paper I. Assuming the energy required for one burst as 6 × 10 27 J (paper I), and given the burst occurrence frequency, the average power causing the burst would be approximately 10 21 J s −1 , which is much smaller than the luminosity of this source (4.6 × 10 30 J s −1 ). Therefore, if a very small fraction of the source's energy is accumulated into the magnetic field in the accretion disk and released occasionally, the energy would be sufficient to produce the burst.
In paper I, a decreasing peak velocity of component II was reported when the flux density of component II increased in the 2009 bursts. As discussed in paper I, the velocity change in 2009 could be explained as that the bursting component is a superposition of a stable component and a bursting component with slightly different velocities. In fact, Bartkiewicz et al. (2012) Bartkiewicz et al. (2012) as an evidence of existance of an outflow and a shock in this source. A part of water maser spot exists close to the spot of methanol maser which causes the burst (Bartkiewicz et al. 2011 (Bartkiewicz et al. , 2012 . However, it is very unlikely that a shock cause the burst. Although the velocity range of these lines coincides with that of the methanol maser, spatial distribution of the methanol maser is elliptical and it probably traces the disk rather than the outflow and/or shock region. The peak velocity of the bursting component changed less than 20 m s −1 for three years, which means that the bursting region has been kinematically stable even its excitation state changes rapidly.
On the other hand, the mechanisms of the releasing of local magnetic energy and heating of dust are unknown. Also, why such bursts are unique to this source remains unclear. Since the observations reported here are obviously under sampling to the fast variability of the burst, the detailed light-curve at the time of a burst is not yet known. If the detailed light-curve at the time of a burst is observed, some restrictions would be put on the energy release and excitation mechanisms. Moreover, this source was detected at 12.2 GHz methanol maser (B laszkiewicz and Kus 2004) . If it is observed how the 12.2 GHz maser changes at the time of the 6.7 GHz burst, an excitation state during the burst could be investigated in detail.
Conclusions
We have reported bursting variability in the 6.7 GHz methanol maser of G33.641−0.228. Five bursts were detected throughout 294 days of observations performed from 2009 to 2012. Among six spectral components, bursts occurred only in spectral component II; the other components remained quiescent during bursting. The typical timescales of the rise and fall phases were one and five days, respectively. Bursting was not periodic, but occurred once every 59 days on average. The burst mechanism can be explained as rapid release of magnetic energy in the gas disk surrounding the high-mass young stellar object. However, the mechanism of the burst and why the burst is unique to this source remains unknown.
